ABSTRACT The World Health Organization recommends that before lymphatic filariasis elimination in an area can be confirmed, an additional survey should be performed at least 5 years after stopping mass drug administration. The current study aimed to determine the status of lymphatic filariasis 5 years after cessation of the mass drug administration in 3 sentinel Egyptian villages in Menoufiya Governorate. The rapid immunochromatographic card test (ICT) and a new commercial antibody detection kit (CELISA®) were used. All 1321 primary-school children aged 6-7 years old were ICT negative but 27 children were antibody positive. All households surveyed in one village with the highest antibody prevalence were ICT negative, indicating an absence of lymphatic filariasis. The CELISA antibody kit needs more standardization and development to be useful under field conditions. We conclude that lymphatic filariasis is no longer a public health problem in these villages and other villages with similar epidemiological conditions.
Introduction
Lymphatic filariasis is a globally distributed disease recognized by the World Health Organization (WHO) as one of the most disabling diseases. Bancroftian filariasis, caused by the parasite Wuchereria bancrofti and transmitted to humans by mosquitoes, accounts for more than 90% of this disease burden [1] . Following the World Health Assembly resolution in 1997 calling for global elimination of lymphatic filariasis in disease-endemic areas by the year 2020 [2, 3] , the Egyptian Ministry of Health and Population initiated a national programme in 2000 to eliminate lymphatic filariasis [4] . Directly observed mass drug administration (MDA) was conducted in all known filariasis-endemic localities in the country, with annual doses of diethylcarbamazine (6 mg/kg) with albendazole (400 mg) to the whole at-risk population (more than 2. 5 million people) over a 2-week period every year for 5 years [5] . Studies in Egypt have suggested the following provisional targets for treated populations at least 5 years after stopping MDA: < 2% for antigenaemia (which corresponds to a microfilariae prevalence of < 0.5%), < 2% for antibody prevalence in first-year primary schoolchildren and < 0.25% for mosquito infection rates by molecular xenomonitoring [6] . However, given the uncertainty regarding the number of rounds of MDA that are actually needed to achieve the elimination of lymphatic filariasis [7] , surveillance is required as a key component of the elimination programme [8] .
Weil and Ramzy discussed the value of different diagnostic tests (serum antigen and antibody assays and detection of parasite DNA in vector mosquitoes) for different phases of lymphatic filariasis elimination programmes [9] . They have also reported the usefulness of filarial antibody tests for identifying endemic areas and following antibody rates in young children over time as a mean of assessing changes in transmission rates following MDA [6, 8] . The very slow decline of serum antibodies to the Bm14 gene in treated individuals allows for the use of Bm14 enzyme-linked immunosorbent assay (ELISA) in serial surveys of young children to assess changes in lymphatic filariasis transmission following MDA [9, 10] . Therefore, the use of more sensitive antibody tests to detect filarial exposure will be useful to assess transmission at the terminal stages of lymphatic filariasis programmes [9, 11] . The CELISA ® Bm14 antibody assay has been commercially available as a diagnostic tool since 2006, yet application to large population sizes in field studies has not been thoroughly assessed [9] . In a multicentre laboratory-based study Weil et al. concluded that this kit appeared to be an excellent test for the specific detection of antibody responses to filarial parasites. They recommended the use of this antibody tool as a practical monitoring option for late stages of filariasis elimination programmes and for post-MDA surveillance [12] .
WHO has recommended that before lymphatic filariasis elimination in an area can be confirmed, at least one additional survey should be performed at least 5 years after stopping MDA [13] . Based on these recommendations, the aim of our study was to determine the status of lymphatic filariasis 5 years after cessation of MDA in 3 sentinel Egyptian villages in Menoufiya Governorate. We conducted a transmission assessment survey in which primary schoolchildren (6-7 years of age) were tested using an immunochromatographic card test (ICT) as recommended by WHO [14] , in addition to use of the antibody detection tool, the Bm14 CELISA, as a new surveillance tool.
Methods

Study setting and sample
This study was conducted in 3 sentinel villages (village A: Abo Sneita; village B: Garawan; village C: Kafr El Bagour) located in El Bagour district of Menoufiya Governorate. These villages were known to have a high prevalence of microfilaraemia in Egypt just before initiation of the Global Programme to Eliminate Lymphatic Filariasis.
A transmission assessment survey was conducted whereby the study population was all the available primaryschool children (6-7 years of age) in all schools in the 3 villages (n = 1321). This choice was based on the fact that these children were born immediately after lymphatic filariasis transmission had likely been interrupted and cessation of the MDA after 5 rounds. Thus this age group was a sensitive indicator of the presence of ongoing transmission of lymphatic filariasis. The study started in November 2010 and ended in December 2010.
In February 2012, a household survey was done. It included members of families of primary-school children with CELISA positive results in Abo-Sneita village (aged 16-60 years, n = 40), and a limited number of random blood samples were taken from different sectors of the village (age 16-60 years, n = 35), making a total of 75 cases.
Data collection
Two tests for the diagnosis of filariasis were performed on a total of 1321 primary-school children in grade 1 (n = 632) and grade 2 (n = 689): the ICT and the ELISA test for IgG4 antibody to the Bm14 recombinant filarial antigen. Subjects in the household survey were tested by ICT card test only.
For the detection of antigenaemia by ICT (Binax ICT filariasis cards, 620-000) a 300 µL finger-prick blood sample was collected from each study participant. The ICT test was performed on 100 µL of the blood for the presence or absence of circulating filarial antigen whereby the blood was drawn onto the card and the results were read visually (negative/positive) after 10 minutes. The remaining 200 µL finger-prick blood was used to prepare ‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫العرشون‬ ‫املجلد‬ ‫اخلامس‬ ‫العدد‬ has been significantly reduced or interrupted following MDA. According to a study done in Giza (an area of high pre-MDA antigenaemia) and Qalyubia (an area of low pre-MDA antigenaemia) [6] , antigen prevalence rates fell by 75% and 77% respectively about 7-10 months after the 5th round of MDA. The present study was carried out 5 years after stopping MDA, which allowed more time for filarial antigenaemia to vanish. The finding that all tested schoolchildren aged 6-7 years were ICT negative clearly indicates interruption of transmission and possible elimination of lymphatic filariasis. The goal of the Global Programme is to eliminate lymphatic filariasis as a public health problem by reducing the transmission of filariasis to a very low level so that the transmission will cease to occur in time provided there is no reintroduction of transmission. However, it is possible that the sensitivity of the ICT card test in low-transmission settings might not be sufficient to detect low-level infections [15] . Also previous studies have plasma samples for the performance of the Bm14 ELISA using the filariasis CELISA ® kit (Cellabs Pty Ltd). ELISA was performed as recommended by instructions from the developers of the assay. Aliquots of plasma diluted 1:100 were tested in parallel for IgG4 antibody to Bm14 and a positive control. It was more accurate to take the readings of all reactant wells without blanking the plate reader. The absorbance of each well was read at optical density (OD) 450 nm. The cut-off value was calculated as the mean plus 3 standard deviations (+ 3 SD) of known negative samples. The readings of test samples were calculated based on the differential absorbance of unknown versus known negative samples. In this study, the cut-off value was 0.4 OD units. Thereafter, any sample showing OD < 0.4 was considered negative, while any sample showing OD > 0.4 was considered positive.
The study was approved by the ethical committee of scientific research at Ain Shams University Faculty of Medicine, and written consent from children's guardians or school headmasters was obtained, according to National Institute of Health guidelines.
Data analysis
The data were analysed using SPSS, version 17, and the chi-squared test was used to assess differences between categories. P-values < 0.05 were considered significant and F = 2 indicating analysis of variance.
Results
All 1321 schoolchildren from the 3 villages and 75 adults were negative by ICT (0%). Among the 1321 students, 29 (2.2%) were positive in the CELISA (Figure 1) .
The prevalence of anti-Bm14 antibodies varied considerably between villages (Table 1 ). This variation was statistically significant (χ 2 = 57.6, P < 0.001). There was a higher rate of positive ELISA among students in village A (9.0%) compared with village B (1.9%) and village C (0.2%). Also, there was a higher mean OD among students in village A (0.314) compared with that villages B and C (0.251 and 0.253 respectively) ( Table 2 ).
Discussion
The aim of this study was to determine the status of lymphatic filariasis 5 years after cessation of MDA in 3 sentinel Egyptian villages in Menoufiya Governorate. In conducting the study, we tested primary-school children using the ICT test as recommended by WHO and a new antibody detection tool, the Bm14 CELISA. Regarding the ICT test, no positive cases (either schoolchildren or household members) were detected, and 100% of the study subjects showed negative results. The ICT card test is a technique recommended by WHO [13] for detection of circulating W. bancrofti antigens to assess the progress towards elimination endpoints in children born when disease transmission shown that pre-MDA antibody prevalence rates are much higher than antigen prevalence rates in low-prevalence Egyptian villages [16] .
Regarding the Bm14 antibody assay, 2.2% of the study subjects (1321 schoolchildren) showed positive results, and the highest percentage of positive cases (9.0%) was in Abo Sneita village. Therefore the antibody prevalence rate has risen from 0.28% just after the end of the 5th round of MDA to 9.0% 5 years after the elimination programme in Abo Sneita [17] . This contradicting finding should be analysed carefully in order to determine accurately the infection status of this village. Almost all filariasis CELISA-positive samples showed low reactivity (OD values > 0.4-< 1.0). These may be due either to false positives or flagging early exposure to infection.
Several other publications have evaluated the IgG4 antibody detection to the rBm14 antigen as a monitoring tool post-MDA; however, most of them have obtained the rBm14 antigen directly from Dr Gary Weil's laboratory in Washington DC before Cellabs Pty Ltd of Australia developed the new kit (CELISA) in 2006 [6, 18, 19] . A study conducted by Ramzy just after the 5th round of MDA in 2 Egyptian villages reported that the antibody prevalence rates can take several years to fall to low levels after MDA [6] . Their data suggest that Bm14 antibody may be a sensitive test to monitor continuing residual transmission during and after MDA.
To the best of our knowledge, the commercial filariasis CELISA has not been applied in field studies; therefore, no comparable data are available. A household survey (the 2nd section of our study) using ICT testing in Abo Sneita village (village A) was essential in order to confirm or deny resurgence of lymphatic filariasis and also to solve the puzzle of the CELISA kit results. We suggest that this is a much easier and more practical approach for investigating an area for lymphatic filariasis resurgence after MDA rounds rather than screening of all houses, and also is an appropriate method of field evaluation of the tools used in post-MDA monitoring. The target population in household survey were older residents in Abo Sneita village (mostly households of CELISA antibody-positive children), based on the fact that they had participated in the lymphatic filariasis elimination programme over 5 years, as confirmed by them. Therefore, they are a good indicator of residual infection in the village. However, no positive card test results were observed in any of the study subjects, which suggests there were no cases with active infection and refutes the hypothesis that resurgence of lymphatic filariasis has occurred in this area.
On the other hand the new commercial ELISA kit has been tested in a multicentre laboratory evaluation [12] , and it was reported that the Bm14 CELISA appears to be an excellent test for the specific detection of antibody responses to filarial parasites and its high sensitivity makes antibody testing especially useful as an epidemiological tool for assessing levels of infection and/or exposure to filarial parasites in populations. In this study, the raised suspicion that there may be a focus of resurgence in Abo Sneita village, based on the results of the new commercial ELISA, was contradicted by the results of the household survey showing no positive cases detected by ICT. More research is needed to determine the relative value of antibody and molecular xenomonitoring testing as monitoring tools. Each has advantages, and the 2 approaches are complementary. Antibody monitoring provides information on the cumulative lifetime exposure to filarial infection, while molecular xenomonitoring provides information on the point prevalence of filarial parasites in mosquitoes in the area of interest [20] .
In conclusion, our results provide evidence that 5 rounds of MDA with diethylcarbamazine and albendazole has improved the various measures of 
